Mycoplasma mycoides var. mycoides requires for growth a number of preformed lipid precursors. Media containing glycerol, cholesterol, a saturated and an unsaturated fatty acid, defatted bovine serum albumin and an additional defatted serum protein fraction (Fraction C) can supply these requirements. Albumin is believed to function by binding fatty acids, and Fraction C by binding cholesterol. The requirement for a saturated fatty acid can be satisfied by myristic, palmitic, stearic or margaric acid, lauric acid being less effective. The requirement for an unsaturated fatty acid can be satisfied by oleic acid, linoleic and linolenic acids being less effective. Organisms incubated in a medium deficient in either glycerol, the Fraction C +cholesterol system, or oleate, but adequate with respect to all other nutrients, died rapidly. Death was accompanied by lysis. Death due to a deficiency of glycerol or of cholesterol was prevented either by the omission of uracil (an essential nutrient) or by addition of chloramphenicol. Death due to oleate deficiency was not prevented by the omission of uracil. Morphological changes which resulted from each of these deficiencies are illustrated by electron micrographs. The hypothesis is advanced that glycerol, cholesterol and long-chain fatty acids are all needed for the synthesis of an undetermined cell component which is necessary for the structural integrity of the cell, and that the synthesis of this is more sensitive to a deficiency of these nutrients than is the synthesis of cytoplasm.
INTRODUCTION 5.0 mg. ; thymine, 2-5 mg. ; Ca pantothenate, 0-25 mg. ; riboflavin, 0.25 mg. ; pyridoxal-HCI, 0.05 mg. ; nicotinamide, 0.5 mg. ; thiamine, 0.5 mg. ; biotin, 0.01 mg. ; DL-a-lipoic acid, 0.01 mg. The medium was distributed in 20 mm. diameter optically matched test tubes covered with aluminium caps and sterilized by autoclaving at 10 Ib./sq.in. for 10 min. Bovine serum Fraction C was added to the medium before autoclaving. Bovine serum albumin Fraction V and glucose were added from sterile (filtered) solutions after autoclaving the bulk of the medium. The final volume after these additions was 5 ml./tube. The pH value of the medium was 7.5.
Medium B. As a result of the studies on the fatty acid requirements to be described medium A was modified. Bovine serum albumin Fraction V was replaced by Fraction V extracted by iso-octane + glacial acetic acid mixture (19 + 1 ; Goodman, 1957) at the decreased concentration of 1.0 g./l. Tween 80 was replaced by Na palmitate +Na oleate each a t 20pmole/l. Inositol(1 mg./l.), choline chloride (1 mg./l.) and leucovorin (folinic acid) (0.25 mg./l.) were also added.
Preparation of medium constituents. Na DL-lactate was prepared from C P or AR grade lactic acid. The Zn salt was made, twice recrystallized, decomposed with sodium carbonate, and the remaining traces of zinc removed by successive treatments with 8-hydroxyquinoline in chloroform (Waring & Werkman, 1942) . Excess carbonate was then decomposed by boiling with additions of HC1 until the p H value remained at about 7-0. Alternatively, the Zn salt was suspended in water and shaken with a small excess of ion-exchange resin (Amberlite IR. 120, Hf form). The resin was drained, washed, the supernatant fluid and washings passed through a small column of fresh resin, and the acid titrated to pH 7.0 with NaOH. Solutions prepared by either method had equal activity. Several samples of C P and AR grade lactic acid when tested without purification inhibited growth at higher concentrations.
Bovine serum Fraction C was made from ox serum. Serum was diluted with an equal volume of water, heated to 70°, cooled, adjusted to pH 5. 6 with 5 % (v/v) acetic acid, heated to 80°, cooled, and filtered on a Buchner funnel. The filtrate was saturated with ammonium sulphate. The orange-coloured precipitate which rose to the surface was collected by gravity filtration through folded Whatman no. 2 paper. It was suspended in a small volume of water and the suspension dialysed thoroughly against four to six changes of distilled water. The dialysed solution containing some insoluble material was adjusted to pH 4.8-5.0, whereupon about half the protein was precipitated. The suspension was chilled to 0-2", and 10 vol. cold ethanol added slowly. The precipitate was washed twice with the same volume of ethanol at -5" on the centrifuge, then successively with ethanol, ethanol +ether mixture, and ether on a Buchner funnel. The yield of cream-coloured powder was 1.5-2*0 g./l. serum taken. The product was stable indefinitely. For use in the medium, it was ground in a mortar with water, 0*05~-NaOH added to pH 7-4 (about 7.0 ml./g. powder), and the mixture stirred for about 30 min. The concentration was adjusted to 1 yo (w/v) with water, and a small amount of insoluble material centrifuged off and discarded.
Cholesterol was added to the medium as a colloidal dispersion in water. One volume of a 2 0 p~ solution in ethanol at 60" was injected rapidly into 19 vol. of stirred water a t 60". Cholesterol dispersions were stored in evacuated Thunberg tubes in a refrigerator. To avoid precipitation it was necessary to add the cholesterol dispersion to the medium after the bovine serum Fraction C had been added.
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Tween 80 was purified as described by Davis (1947) . Oleic acid was purified from commercial redistilled oleic acid by precipitation of the long chain saturated fatty acids from acetone a t -ZOO, followed by five recrystallizations of the unsaturated acid from acetone at -60' (Brown & Shinowara, 1937) .
Linoleic and linolenic acids were prepared by saponification followed by bromination of the fatty acid mixtures, and would therefore be a mixture of the cis and trans isomers.
Lauric, myristic, palmitic and stearic acids were Eastman-Kodak products and were recrystallized several times from acetone. Margaric acid was a product of L. Light and Co. (Colnbrook, Bucks) . Fatty acid impurities were not detected in any of the acids by reversed-phase circular paper chromatography as described by Nowotny, Liideritz & Westphal (1958). Margaric acid migrated at a speed intermediate between those of palmitic and stearic acids in this solvent system. The fatty acids were added to the medium as the Na salts. Sparingly soluble salts were warmed to dissolve them before adding them to the medium.
Bovine serum albumin Fraction V (Armour) was heated a t 56" for 30 min. at pH 7.0 to inactivate lipase (Davis & Dubos, 1946) . Bound fatty acids were extracted with iso-octane containing glacial acetic acid as described by Goodman (1957). The fatty acid content of the albumin after extraction was not determined.
Tryptic digest of casein was made from 'vitamin-free' casein (Glaxo) and was charcoal-treated as described by Roberts & Snell (1946) .
The other reagents were commercial products. Stock solutions were stored in a deep-freeze cabinet and were replaced at monthly intervals.
Preparation of inocuZa. Organisms for inocula were grown in BVF-OS medium (Turner, Campbell & Dick, 1935) . Cultures were centrifuged a t 15,OOOg for 15 min., the tubes drained, the deposit washed once with 0 4 M -S U C~O S~ solution containing 0-01 M-phosphate buffer ( pH 7.0) and resuspended in sucrose +phosphate solution.
Crowth tests. Duplicate tubes were seeded with about 2 x 106 viable element+&, and the growth estimated turbidimetrically at 660 mp at intervals during static incubation a t 3 7 ' . Streaming birefringence was judged visually by the amount of ' swirl ' when the cultures were gently agitated. In many instances the cultures were examined by dark-field microscopy.
Nutritional deficiency experiments. Replicate tubes of partly defined medium with the additions or omissions indicated in the text were seeded with inocula of 5 x 107 to 5.5 x 108 viable elements/ml. and were incubated at 37' in an upright position without shaking. One tube of each replicate set was used for each viable count or for the preparation of specimens for electron microscopy. Two tubes of each replicate set, and also two tubes of uninoculated medium, were reserved for turbidity measurements at 440 mp.
Counts of viable elements. These were made by a modification of the Miles 8r; Misra (1938) method, as adapted for counting L71ycoplasma mycoides by Mr G. S. Cottew (personal communication).
Preparation of specimens for electron microscopy. The cultures were chilled to O', centrifuged in the cold, the pellets resuspended in sucrose +phosphate solution and the suspensions squirted into 10 vol. of sucrose +phosphate containing 4 yo (w/v) formaldehyde. After standing for 4-18 hr. a t room temperature they were centrifuged and the pellets washed twice and resuspended in distilled water. 
Efect of glycerol dejciency
Tubes of (i) Medium A, (ii) Medium A lacking glycerol, (iii) Medium A lacking uracil, and (iv) Medium A lacking both glycerol and uracil, were seeded with 5.5 x lo8 viable elements/ml. Viable element counts and turbidity measurements were made at intervals during incubation for 2.9, hr. During this period, the viable count increased about fourfold in (i), decreased to about 15 yo of the number inoculated in (ii), and remained almost stationary in (iii) and (iv) (Fig. l b ) . That is, a deficiency of uracil prevented death which would otherwise have occurred through glycerol deficiency, throughout this incubation period. Incubation in (ii) resulted in : an early increase, followed by a decrease, in turbidity ( Fig. l a ) ; an early (after about 4 hr. of incubation) loss of streaming birefringence; later, an obvious increase in the viscosity of the culture, suggesting that extensive cellular lysis had occurred. Profound morphological changes culminating in lysis during incubation in the glyceroldeficient medium were evident in electron micrographs. Owing to technical difficulties, specimens for electron microscopy were obtained from a duplicate experiment on which turbidity measurements, but not viable counts, had been made. Electron micrographs prepared from cultures in (iii) (Pl. 1, fig. 3 ) showed a range of forms characteristic of the organism grown in (i) (Pl. 1, figs, 1, 2) throughout the 24 hr. incubation period. In (ii) most of the forms were enlarged within 4-8 hr. of incubation; many had shrunken appendages, and a few flattened ghost-like forms were present (Pl. 1, fig. 4 ). After 24 hr. of incubation there was a great preponderance of ghost-like forms, most of which contained a single, small, electron-dense granule (Pl. 2, figs. 5 , 6 ) ; there were only a few electron-dense forms which were probably representative of the remaining viable forms (Pl. 2, fig. 5 ). After 24 hr. incubation in (iv), the forms resembled preparations from (ii) after only 4 hr. incubation (Pl. 2,  fig. 7 ). That is, a deficiency of uracil retarded the onset of the morphological changes caused by glycerol deficiency. Like the omission of uracil, the addition of chloramphenicol (CAP) prevented death caused by glycerol deficiency and the associated turbidity changes (Fig. 2 a, Unbalanced growth of Mycoplasma mycoides 207 rate of about 80 yo per generation time. The greater death rate found in this experiment as compared with that illustrated in Fig. 1 b, may have been due to differences in the size of the inocula used in the two experiments.
Effect of cholesterol +bovine serum Fraction C dejkiency
Although direct evidence is lacking, it is thought that the function of bovine serum Fraction C is to bind cholesterol in a water-soluble assimilable form. Incubation of mycoplasma organisms in Medium A lacking both cholesterol and Fraction C resulted in an early loss (after about 5 hr. of incubation) of streaming birefringence, an increase followed by a gradual decrease in turbidity ( Fig. 3a) and, after about 10 hr. of incubation, a rapid decrease in viability (Fig. 3 b ) . As with glycerol deficiency, these changes did not occur when uracil was omitted. After 5 hr. of incubation many of the forms seen were swollen, and some had tenuous outgrowths which appeared to be in the process of becoming pinched off. A tendency for the forms to aggregate when the suspensions were dried on the grids was noticeable (Pl. 2, fig. 8 ) .
After longer incubation, the material appeared to be largely aggregated into masses in which little cellular structure could be seen (Pl. 3, figs. 9, 10). It is possible that a deficiency of cholesterol +bovine serum Fraction C caused the forms to become more susceptible to damage during the fixing and drying processes ; nevertheless, the morphological changes differed from those caused by glycerol deficiency.
The omission of either bovine serum Fraction C or cholesterol singly caused decreases in viable counts, but the death rate was greater when both components were omitted (Fig. 4a, b) .
Requirements for long-chain fatty acids
Medium A contains bovine serum albumin Fraction V. Tween 80 was also included, although it increased growth only slightly in the presence of Fraction V. Extraction with iso-octane +glacial acetic acid almost abolished the growth-promoting activity of Fraction V when Tween 80 was omitted. Its activity was partly restored by the addition of Tween 80 or of oleate, and fully restored by a mixture of a saturated and an unsaturated fatty acid. Of the even-numbered saturated fatty acids from C,, to C18, palmitate and stearate were of about equal activity; laurate was less active when growth tests were performed in the presence of a constant concentration of oleate (Fig. 5 ) . Myristate was as active as palmitate or stearate but the growth rate was slower (Fig. 6) . The odd-numbered C,, acid, margaric acid, was as active as palmitic or stearic acids (Fig. 7) . Oleate, linoleate and linolenate were the only unsaturated fatty acids tested; oleate was the most active, the others being active only over a very narrow concentration range (Fig. 8 ).
The presence of iso-octane-extracted Fraction V was essential. The optimum concentration in the presence of O~O2,umole each of palmitate and oleatelml. was about 1.0 mg./ml.; growth was not significantly improved by increasing the concen-trations of any of these components, or in the presence of more complex fatty acid mixtures. All of these growth tests were performed in the presence of inositol, choline and leucovorin, although any influence these may have had on growth was not determined. Medium B was formulated as a result of these tests.
Cultures of Mycoplasma mycoides strain V5 in medium B showed very marked streaming birefringence, and electron micrographs showed a well developed branched mycelial morphology. It is now realized that Medium A is slightly deficient or disproportionate in its fatty acid composition (compare PI. 1, fig. 1, and P1. 3, fig. 11 ). (Fig. 9a, b) . The following points may be seen: ( a ) Without added palmitate there was a large increase in turbidity, the optical density after 45 hr. of incubation reaching a value about half of that of the cultures in complete medium; increases in the viable count almost equalled those in complete medium. (b) In the absence of oleate, there was an increase, followed by a slow decrease, in turbidity, and, after about 15 hr. of incubation, a rapid decrease in viability. ( c ) In the absence of palmitate and oleate, the increase in turbidity was greater, and the decrease in viability less, than in the cultures deficient only in oleate. ( d ) The omission of uracil did not entirely prevent an increase in the number of viable elements when incubated in medium without added palmitate, nor did it prevent a decrease in the number of viable elements in media without oleate, or without oleate and palmitate. In two other experiments, however, uracil omission slowed the decrease in the number of viable elements in medium lacking both fatty acids. Electron micrographs were made from a similar series of cultures, incubated for 20 hr., in which the turbidity changes closely paralleled those shown in Fig. 9a . The forms seen in growth in Medium B were highly branched tangled filaments of uniform thickness (Pl. 3, fig. 11 ). In Medium B from which palmitate had been omitted the forms were short plump pear-shaped or oval, and many had short outgrowths (Pl. 3, fig. 12 ). The forms in Medium B from which oleate had been omitted were of varied morphology (Pl. 4, fig. 13 ); flat disks, some with a thickened rim, and some with a number of bead-like structures ranged round the periphery, were all charscteristic. The forms with the thickened rim, and those with the bead-like outgrowths, doubtless correspond to the ring forms and to the asteroids, respectively, which have often been described in the past in morphological studies with the light microscope. &4n example of an asteroid is shown shadowed in P1. 4, fig. 14, and after 'staining' with phosphotungstic acid in P1. 4, fig. 15 . The stain has penetrated the flat central portion of the form more readily than the bead-like outgrowths, as also in the ring form shown in P1. 4, fig. 16 . The form illustrated in P1. 4, fig. 17 , has five deeply stained areas ( ? vacuoles), some clearly defined lightly stained areas round part of the periphery, and a single lightly stained spot. 
DISCUSSION
The lipid precursor requirements for growth of Mycoplasma mycoides are complex. The observations suggest that a deficiency of glycerol, cholesterol, and probably other lipid precursors causes unbalanced growth, leading to the death of viable elements and lysis. When cytoplasmic synthesis was prevented (by uracil deprivation or by the addition of chloramphenicol) the death of viable elements and lysis were also prevented. The hypothesis is advanced that these nutrients are required for the synthesis of an undefined cell component which is necessary for the structural integrity of the cell, and that the synthesis of this is more sensitive to a deficiency of these nutrients than is the synthesis of cytoplasm. It is not excluded that the death of viable elements and lysis are secondary consequences of a primary defect elsewhere in the cell.
The effects of fatty acid deficiency require further investigation. The experiments were complicated by the probability that Medium B from which fatty acids were omitted was contaminated with suboptimal amounts of fatty acids derived from other medium constituents, e.g. from incompletely extracted bovine serum albumin Fraction V, or from the hydrolysed-casein preparations. Fatty acids may also have been carried over in significant amounts with the inoculum, because the fatty aciddependence was found to vary with the size of the inoculum. It was necessary to diminish the size of the inoculum as compared with that used for the glycerol and cholesterol experiments, and to incubate for longer periods. Under these conditions, a deficiency of oleate caused decreases in counts of viable elements and lysis which were not prevented by uracil omission. Palmitate deficiency in the experiment described did not cause decreases in viable counts, but in other experiments in which incubation was continued still longer, such decreases were beginning to occur and might have been expected to be more rapid under conditions of greater deficiency. The highly branched filaments seen in Medium B may have contained many more ' nuclear equivalents ' or potential colony-forming units than the observed viable count would indicate. This may explain why the viable count was no greater than in palmitate-deficient medium (Fig. 9 b) . The highly branched filaments would also have a higher surface/volume ratio than the plump elements seen in palmitate deficiency. The latter forms might therefore require less oleate to maintain their viability. The experiments suggest that the ratio of saturated to unsaturated fatty acids is an important factor. Shorb & Lund (1959) reported that a saturated and an unsaturated fatty acid, each inactive alone, were together required for the growth of two species of trichomonads; they also stressed the need for a proper balance of fatty acids. The growth-promoting activity of the C,,-acid, margaric acid, for Mycoplasma mycoides may indicate that this acid is incorporated into the lipids without alteration of chain length .
Knowledge of the limiting membrane of mycoplasma organisms might help to define their relations with other micro-organisms. Mycoplasma organisms appear to lack a rigid wall structure, and are known to lack the bacterial cell-wall 'mucocomplex' (Kandler & Zehender, 1957; Plackett, 1959) . It may be suggested that the limiting membrane of Mycoplasrna mycoides depends for its integrity on lipid components. Whether thegalactan, described by Plackett & Buttery (1958) and Buttery & Plackett (1960) , which accounts for about 10 yo of the dry weight of the organism, and which also contains a lipid component, is associated with this structure, is not known.
The morphological changes which occur during incubation of mycoplasma forms in media deficient in glycerol, cholesterol, oleate and palmitate, appear to differ. An adequate concentration of fatty acids is needed for the development of branched filaments. The appearance of ring forms, asteroids, etc., often seen in cultures incubated for long periods in crude media, may be due to an unsaturated fatty acid deficiency.
The suggestion of a general loss of structure during incubation in medium deficient in the cholesterol +bovine serum Fraction C system is of interest because cholesterol is believed to be interspersed between the phospholipid residues in biological membranes, and to stabilize the structure. Butler & Knight (1960) described growth inhibition of Mycoplasma ZaidZazPlii by certain steroids, and its annulment by chol-esterol. It would be of interest to know whether the growth-inhibitory steroids, cause unbalanced growth with subsequent death and lysis.
The nature of the compounds into which glycerol is incorporated is being studied. A substantial part is incorporated into a cardiolipin-like compound (Plackett, 1961) . Glycerophosphate polymers of the teichoic acid type described in the cell-walls of certain species of bacteria, where they replace part or all of the ribitol phosphate (Armstrong, Baddiley & Buchanan, 1959) , or large polymers of the type described by McCarty (1959), were not found. The glycerophosphate polymers forming part of the protoplast membrane of bacteria (Mitchell & Moyle, 1956; Gilby, Few & McQuillen, 1958) have not been characterized.
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